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(57) Abstract: 

PURPOSE: To provide the restriction condition display 
method for the structure model which enables the 
restriction conditions of a three-dimensional structure 
using numerical simulation to be confirmed easily and 
visually. 

CONSTITUTION: This method consists of an input step 1 
wherein the structure model consisting of shape data and 
restriction condition data is inputted when a physical 
phenomenon is analyzed by using a computer, a shape 
display step 2 wherein the shape and restriction shape 
are displayed with symbols or colors by using the 
inputted structure model, an input step 3 wherein the 
movement and rotation of the displayed structure model 
are indicated, an arithmetic step 4 wherein display 
figure data corresponding to the restriction condition 
data of the structure model are generated according to 
input data on the movement and rotation indication, and 
an image display step 7 wherein the data generated in 
the arithmetic step 4 are successively displayed on a 
display device. For the image display, a restriction 
point is fixed after displacement or angular 



displacement and other points which are not fixed are 
successively mode and rotated. 
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Method for Visualizing Restriction Conditions Associated with Structural-object 



Model 



[0006] 

[Embodiments of invention] 



A preferred embodiment of the present invention is 



presented in the following. Shown in Fig.l is a restriction-conditions-visualizing apparatus, which 
represents this embodiment and is employed for visualizing restriction-conditions associated with a 
structural-object model. The restriction-conditions-visualizing apparatus 1 shown in Fig.l is an 
apparatus used for assisting a process performed using a numerical simulation technology for 
displaying restriction conditions. And a structural-object model stored in an external storage unit 6 is 
displayed on a display unit 2 (a graphic display device) in response to an input, made via an operator 
device 5 (such as a mouse, stick, writing-pen, keyboard and the like), instructing to display it by 
involving en route an operation-processing unit 4 (such as a computer) and a graphics-display 
controlling unit 3. The structural-object model thus displayed can be relocated or rotated by 
inputting a requisite instruction from the operator device 5. The structural-object model, here, 
represents a one-, two- or three-dimensional object such as a beam, shell or solid. The present 
embodiment is described by assuming that it deals with a three-dimensional structural-object model. 
[0007] Processing steps constituting an analysis job are shown in Fig.2. 

« Processing step 1 » Firstly, a set of three-dimensional data comprising a certain data set and a 
coordinate-grid data set is stored in an external storage unit 6 by input it via an operator device 5. 
« Processing step 2 » Secondly, the set of the three-dimensional data is retrieved from the external 
storage unit 6 and is displayed on a display unit 2 in a manner in which the set of the 
three-dimensional data is passed through an operation-processing unit 4 and a graphic-display 
controlling unit 3. A displayed view thus produced is shown in Fig.3. The drawing in Fig.3 
demonstrates the shape and the coordinate-grid pattern presentation of an analyzed subject. 
« Processing step 3 » An analysis operator specifies restricting areas by picking coordinate-grid 
crossings shown on a displayed structural-object model using a mouse or the like, which is one form 
of the operator device 5 and further makes an input to specify which of XYZ directions the specified 
areas are to be restricted. 

« Processing step 4 » The restriction conditions thus input are submitted for a calculation process 
performed by the operation-processing unit 4 and the result of the calculation is stored in the 
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external storage unit 6. A set of three-dimensional data to which associated is a thus prepared set of 
the restriction conditions is retrieved from the external storage unit 6 and displayed on the display 
unit 2. The coordinate-grid crossings assigned with sets of restriction conditions are indicated by 
marks attached (or by different colors given) to them. A displayed view thus produced is shown in 
Fig.4. In the case of the drawing shown in Fig.4, coordinate-grid crossings are provided with marks 
indicating associated restriction conditions. Numeral 1 representing one of these marks is assumed to 
imply a restriction condition in respect of X direction, in which case the crossing cannot be moved in 
X direction. Similarly, numeral 2 is assumed to relate with a Y direction restriction condition and 
numeral 3 is assumed to relate with a Z direction condition. Further to these implications, numeral 
series 12 implies a restriction in both X and Y directions and numeral series 123 implies a restriction 
in all X, Y and Z directions. 

« Processing step 5 » Following above steps is a step in which the displacing direction and 
displacing distance of the three-dimensional data set are input via the operator device 5. 
« Processing step 6 » The operation-processing unit 4 generates, basing on thus input data 
specifying displacing direction and displacing distance, a data set for a correspondingly displaced 
display-view. Further detail on Processing step 6 is provided below using the diagram in Fig.8. 
[0008] Fig.8 is concerned with a method of converting a data set in association with the present 
invention method of visualizing restriction conditions relating to a structural-object model. First, 
calculations are performed using the displacing direction and displacing distance specified by the 
input in step 5 (Processing step 10). Next, coordinate-grid crossings are compared with restriction 
conditions input in step 3 (Processing step 11). Coordinate-grid crossings found associated with the 
restriction conditions on performing the comparison in step 1 1 are not submitted to a displacing 
distance addition step (Processing step 12). Coordinate-grid crossings not associated with the 
restriction conditions are submitted to a step in which the amounts derived in step 1 0 are added to 
for obtaining coordinate values representing positions after the displacement (Processing step 13). A 
set of data for a display view representing one after the displacement is thus generated by Processing 
step 13. 

[0009] « Processing step 7 » The data set for a display view representing a situation after the 
displacement is sent out to the graphic-display controlling unit 3. The graphic-display controlling 
unit 3 causes the display unit 2 to display a graphic data set representing the situation after the 
displacement. Illustrated in Fig.5 is a three-dimensional structural-object of which the entire body 
except for coordinate-grid crossings to which restriction conditions are assigned (each being 
indicated by a dot mark " • ") has been moved leftwards (in Y direction) and rjesultantly the object 
being elongated in its direction. In this drawing, one can visually inspect these points indicated by 
dots " • "are restricted against any displacement in Y direction. On the other hand, illustrated in Fig.6 
is a three-dimensional structural-object of which the entire body except for a coordinate-grid 
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crossing (indicated by a dot ") associated with a restriction condition is moved in the upward 
direction (in Z direction). Illustrated in Fig.7 is a three-dimensional structural-object of which the 
entire body except for a coordinate-grid crossing (indicated by a dot " • ") associated with a 
restriction condition is moved in the downward direction (in — Z direction). In this manner of 
presentation, it becomes possible to visually inspect restriction statuses imposed on a 
three-dimensional structural-object. The operator inspects statuses of imposed restrictions by 
repeating steps 5 - 7 in various directions. 

« Processing step 8 » In a case in which a subject structural-object has a complicated shape, the 
operator changes the view point and displacement direction associated with generation of a display 
view of a graphical data set for inspecting visually all the imposed restriction conditions. And the 
operator completes inputs of all the inspection results. If the inspection reveals any error associated 
with a restriction condition input, the process needs to repeated from step 3 to re-input restriction 
conditions. By repeating steps 3 — 8 in this manner, it is possible to amend restriction condition 
entries and to have all the restriction conditions incorporated into a generated structural-object model 
to be optimum. 

« Processing step 9 » After all the restriction conditions are inspected visually and judged 
optimum in step 8, an analysis step is commenced. 

[0010] Described above are processes of changing the viewpoint and displacement direction 
associated with a three-dimensional structural-substance displayed on a screen while observing 
restriction conditions imposed on coordinate-grid crossings or, in other words, while holding these 
coordinate-grid crossings unmoved. Similarly, it is also possible to change the rotation direction of 
the three-dimensional structural-object while imposing a restriction condition on coordinate-grid 
crossings to disallow any rotational move, in other words, to hinder any angular movement. It 
becomes possible, then, to visually inspect all the associated restriction conditions in a view in which 
the object moves in a rotating mode (the object is displayed in an animation mode). 
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